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Continuatioaof V 

NOVELTY AND INVENTTVE STEP ■ CLAIMS 6-1 L 16. 22. 23. 30-34 rVES^ 

Claims 6-1 1, 16, 22. 23 and 30-34 meet the criteria set forth in PCX Article 33(2) for novelty. The prior art published 
before the priority date does not disclose the use of the dummy load in a control system for cogcncration unit 
consisting of a heat engine and an alternator having comparator sensing means, wherein the regulation is perfomied by 
controlling the parameters of the alternator and fuel supply of the heat engine. 

Claims 6-11, 16, 22. 23 and 30-34 meet the criteria set out in PCT Article 33(3) with regard to the requirement of 
Inventive Step because the prior art does not obviously suggest to a person skilled in the art the use of the dummy load 
in a control system for cogeneration unit consisting of a heat engine and an alternator having comparator sensing 
means, wherein the regulation is performed by controlling the parameters of the alternator and fuel supply of the heat 
engine. 

It is noted that the examiner disagrees with the argument presented in the applicant's reply of 05.06.2003, which states 
Aat Dl does not involve sensing and regulating AC electricity parameters and regulating such parameters by 
controlling characteristics of ±c alternator. Qmtc contrary the AC parameters are controlled and characteristics of the 
alternator are regulated, which can be seen from column 2 lines 25^33, column 3 lines 14-20 and Fig. I of the US 
equivalent of Dl. Both the control of electricity parameters and regulation of the characteristics of the alternator are 
done by current rcguUtor (12). There is also a tap (ie. sensor) for supply network monitoring, which effectively 
nnonitors the AC electricity parameters. 
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unit to generate AC electricrty for an elect>ical load, the AC electricity having 
parameters which have been established without the use of an inverter. 

The present invention therefore provides a control system for a cogeneration 
5 unit, the cogeneration unit including a heat engine and an alternator driven by 
the heat engine, the alternator generating AC electricity for an electrical load, 
the control system including: 

a. parameter sensing means for sensing plural parameters, said plural 

parameters including designated parameters of the generated AC 
electricity, the parameter sensing means providing a sensed 
parameter value for each sensed parameter, 
for each sensed parameter, a comparator means for comparing the 
sensed parameter value with a respective desired value, each . 
comparator means being able to provide an error signal according 
to the difference between the sensed parameter value and the 
desired value; 
and 

one or more controlling means, the one or more controlling means 
being capable of using one or more of the error signals to provide a 
plurality of control signals, such that each control signal is able to 
regulate one or more of the sensed parameters; 
wherein the regulation of the sensed parameters is perfomied by controlling 
characteristics of the alternator and a temperature of a body heated using 
energy from the cogeneration unit. 

25 

The present invention also provides a control system for a cogeneration unit, 
the cogeneration unit including a heal engine and an altemator driven by the 
heat engine, the alternator generating AC electricity for an electrical load, the 
control system including: 

^- parameter sensing means for sensing: 

designated parameter(s) of the generated AC electricity; 



15 



20 



I. 

and 
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ii. the temperature of a body heated by energy provided by the 

cogeneration unit; 
the parameter sensing means providing a sensed parameter value 
for each sensed parameter: 

b. for each sensed parameter, a comparator means for comparing a 
sensed parameter value with a respective desired value, each 
comparator means being able to provide an error signal according 
to the difference between the sensed parameter value and the 
desired value; and 

c. each comparator means being coupled to a respective controlling 
means, each controlling means being capable of using the en-or 
signal from the comparator means to provide a control signal, such 
that each control signal can be used to regulate a respective 
parameter; 

wherein the regulation of the designated parameters is performed by controlling 
characteristics of the altemator. and the regulation of the temperature of the 
body is perfomned by controlling fuel supply to the heat engine. 

The present invention is able to provide AC electricity to an electrical load either 
In conjunction with AC electricity obtained from an external power source (for 
example, a mains power distribution network) or independently of an external 
power source. Thus, the present invention is capable of at least two modes of 
operation, namely, a mains-connected mode or a stand-alone mode. In this 
form of the invention, the designated parameters are mode dependent. 

More specifically, in the stand-alone mode the designated parameters are 
preferably the output voltage and frequently of the AC electricity generated by 
the altemator. In this mode, the present invention is able to regulate these 
parameters so as to compensate for variations in the magnitude of a component 
of the electrical load, thus minimising large fluctuations in voltage and frequency 
which may otherwise result. In this respect, the component of the electrical load 
may be a household load. 
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In the mains-connected mode the designated parameter is preferably the power 
factor of the AC electricity generated by the alternator. 
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b- comparing a sensed parameter value with a respective desired 

vafue. the comparison providing an error signal according to the 
difference between the sensed parameter value and the desired 
value; and 

5 c. using each error signal to provide a respective control signal, such 

that each control signal can be used to regulate a respective 
parameter 

wherein the regulation of the designated parameters is performed by controlling 
characteristics of the alternator, and the regulation of the temperature of the 
body ,s performed by the controlling fuel supply to the heat engine. 

It Will also be recognized that the present invention also provides a method for 
controlling a cogeneration unit, the cogeneration unit including a heal engine 
and an alternator driven by the heat engine, the alternator generating AC 
electricity for an electrical load, the control system including: 

sensing plural parameters, said plural parameters including 
designated parameters of the generated AC electricity, the sensing 
providing a sensed parameter value for each sensed parameter 
b. comparing a sensed parameter value with a respective desired 

value; 

providing an error signal according to the difference between the 

sensed parameter value and the desired value; and 
d. using one or more of the error signals to provide at least one 

control signal, such that each control signal is able to regulate one 

or more of the sensed parameters; 
wherein the regulation of me sensed paran,e.ers is perfonned by cont™«i„g 
characehstlcs Of the alternator and a teniperature of a body heated using 
energy from the cogeneration unit. 

30 It „i„ also be recognteed that the present invention also p™4des a n»«,od for 
controlling a cogeneration unit, the cogeneration unit indudirtg a heat engine 
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and an alternator driven by the heat engine, the alternator generating AC 

electricity for an electrical load, the method including: 

a- sensing parameters, the parameters including: 

i. designated parameter(s) of the generated AC electricity; and 
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The decrease in the effective magnitude of the resistive load may Inhibit the 
ability of the control system to respond to 'switch on" transients which may be 
caused by fluctuations in the household load. That is. where once the effective 
magnitude of the resistive load may have been sufficient to be used as a 'buffer* 
5 to accommodate fluctuations in the household load, in the situation Just 
described the resistive load may not be large enough to enable it to be used to 
compensate for such fluctuations. 

Advantageously, the present invention overcomes the above-mentioned 
10 problem by providing a mode (herein refen-ed to as the 'electrical priority mode') 
which provides the control system with the ability to maintain supply of AC 
electricity suitable for the household load in circumstances where the 
temperature of the body would othenvise result in the AC electricity being 
unsuitable (for example, the frequency being too low). 

15 

In electrical priority mode, the fuel supply to the heat engine may be fixed to a 
predetemiined supply rete (for example, a maximum supply rate), or may be 
varied so as to maintain a fixed buffer over the household load. 

20 Electrical priority mode may be selected/deselected by a user using a switch or 
perhaps by way of a menu selection on a user interface. The 
selection/deselection may be communicated to the controller. 

In an alternative form otthe invention, a "smarf' controller may be used In this 
25 fomi. the smart controller may be able to switch the contn.1 system to electncal 
pnonty mode based -bn a prediction, that the household load is about to 
increase. Such a prediction may be based on previous usage patterns or user 
selections or other data that may be available to the smart controller. 

30 . In a fomn of the invention which includes a smart controller, the smart controller 
may also be able to select electrical priority mode when the household 
requirement approaches the altemator output (that is, when the dummy load 
heat 
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dissipation has reduced below a predetermined level), then automatically 
disconnect the electrical priority mode when the buffer has again increased to 
an appropriate level. 



5 A system of the present invention which is able to support an electrical priority 
mode may further include the following means: 

A. means for disabling temperature/fuel control until a threshold 
temperature Is reached (that is. replace the desired temperature value 
10 with a threshold temperature value); 



15 



B. 



same as (A), but also including means for adding an additional heat load 
either internal to the house or external (wasting it) or both, to delay the 
time before the threshold temperature is reached, or avoid reaching it; or 

C. adding a large enough additional internal and/or external heat loads to 
ensure that maximum heat can always be dissipated at the desired 
temperature, and maintain control to desired temperature. 

20 In relation to (A) and (B). in these cases the stand-alone electrical priority mode 
.s only operable until the body reaches the threshold temperature, at which 
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At initial start up. switches 61. 63. and- 64 are positioned in the stand-alone 
position and switch 62 is switched to an open position. As is evident from 
inspection of figure 1, in this configuration the mains power supply from the 
mains power distribution network Is Isolated from the co-generation unit and the 
alternator 100 output is isolated from the household load 70. Furthermore, the 
frequency controller 90 preferably initially sets the effective magnitude of the 
dummy load 122 to a minimum value. 

At start up. the fuel regulator is 'opened' to provide gas to the bumer 11, and 
the bumer 1 1 is lit to begin operation of the heat engine 10. 

Soon after the burner 11 is lit. the heat engine 10 starts to generate steam. At 
this stage, a battery 45 is used to rotate a starter motor (in this case. DC motor 
30) for a short period of time to start rotation of the heat engine 10. m the 
preferred embodiment, the operation of the DC motor 30 is controlled by start- 
up controller 40 which is connected to battery 45 which in turn is connected to 
batteiv charger 46. Battery charger 46 is connected directly to power circuit 60. 

Once the rotation of the heat engine 10 has been initiated by the DC motor 30 
the heat engine 10 then starts to operate using mechanical power generated by 
the heat engine 10 itself. At this point, the start-up controller disengages the 
DC motor 30 from the heat engine 10. 

During startup, the frequency and voltage of the electricity generated by the 
alternator 100 are sensed by parameter sensing means 80. 

Here then, the desired frequency value (f.es) and the sensed frequency value 
30 (fact) are input to comparator 81. while the desired voltage V,es and the sensed 
voltage Va« are input to comparator 82. 
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In this case, a critically damped response is desirable. Such a response 
provides a faster response, but at the expense of larger overshoots. 

The voltage control signal is provided to the field current controller 130 which 
5 controls the cun-ent in field winding 102 of the alternator (or the equivalent on 
permanent magnet hybrid alternators) so as to achieve the desired value. As 
will be appreciated increasing, or decreasing, the current in the field winding 
con-espondingly varies the magnetic flux in the alternator, which in tum 
correspondingly varies the induced Emf and thus the output voltage. 



10 



Although reference has been made to the use of a DC motor 30 to start the heat 
engine 10. it is to be understood that the present invention need not be so 
limited. Indeed, in an alternative embodiment of the invention, the alternator 
100 is able to operate as a motor, thus obviating the need for a separate starter 
15 motor. In this fomi of the invention. AC current used to rotate the alternator 
(which in this case is acting as a motor) may be provided by the mains power 
distribution networic (if available) or from a batteiy via an inverter. 

In yet another embodiment of the present invention, the alternator 100 may 
20 include a separate additional winding which enables it to function as a DC 
motor. In this fomi. the altemator ICQ may include suitable mechanical or 
electronic commutation to provide a steady direction of torque. 

Turning now to figure 2. from startup mode 200. once the altemator is providing 
25 AC electricity having the desired frequency and voltage, the control system 
transitions to a 'stand-alone electrical priority mode' 202. 

Stand-alone Elsctrical Priority Mode 



30 



Referring again to figure 1. the control system may be configured for stand- 
alone electrical priority mode by closing switch 62 so as to provide the altemator 
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electricity to the household load 70 in addition to the dummy load 122. or 
alternatively, the output 
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Claims 

1. A control system for a cogeneration unit, the cx>generation unit including 
a heat engine and an alternator driven by the heat engine, the alternator 
5 generating AC electricity for an electrical load, the control system 

including: 

a. parameter sensing means for sensing: 

i. designated parameter(s) of the generated AC electricity; 
and 

^0 the temperature of a body heated by energy provided by 

the cogeneration unit, 
the parameter sensing means providing a sensed parameter value 
for each sensed parameter; 

b. for each sensed parameter, a comparator means for comparing a 
15 sensed parameter value with a respective desired value, each 

comparator means being able to provide an en-or signal according 
to the difference between the sensed parameter value and the 
desired value; and 

c. each comparator means being coupled to a respective controlling 
means, each controlling means being capable of using the en-or 
signal from the comparator means to provide a control signal, 
such that each control signal can be used to regulate a respective 
parameter; 

wherein the regulation of the designated parameters is perfomied by 
25 controlling characteristics of the alternator, and the regulation of the 

temperature of the body fs performed by controlling fuel supply to the 
heat engine. 



20 



2. 

30 



A control system for a cogeneration unit acconding to claim 1 wherein the 
electrical load includes a household load, the household load being 
connected to both the alternator and an external AC power source. 
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c. using the error signal from the comparator means to provide a 
control signal, such that each control signal can be used to 
regulate a respective parameter; 
wherein the regulation of the designated parameters is performed by 
controlling characteristics of the altemator. and the regulation of the 
temperature of the body is performed by controlling fuel supply to the 
heat engine. 

18. A programmed computer for controlling a cogeneration unit, the 
cogeneration unit including a heat engine and an altemator driven by the 
heat engine, the altemator generating AC electridly for an electrical load, 
the programmed computer including software and hardware for 

a. sensing parameters, the parameters including: 

i. designated parameter(s) of the generated AC electricity: 
■•5 and 

ii. the temperature of a body heated by energy provided by 
the cogeneration unit; 

such that the sensing provides a sensed parameter value for each 
sensed parameter, 

b. comparing a sensed parameter value with a respective desired 
value, the comparison providing an error signal according to the 
difference between the sensed parameter value and the desired 
value; and 

c. using each error signal to provide a respective control signal, such 
that each control signal can be used to regulate a respective 
parameter 

wherein the regulation of the designated parameters is performed by 
controlling characteristics of the altemator. and the regulation of the 
temperature of the body is perfomied by controlling fuel supply to the 
30 heat engine. 
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21. 



22. 



23. 



24. 



25. 



A multi-mode control system for a cogeneratlon unit according to daim 

20 wherein in the first mode the cogeneratron unit operates 
independently of an external AC power source, and in the second mode 
the cogeneration unit operates in conjunction with an extemal AC. power 
source. 

A multi-mode control system for a cogeneration unit according to claim 

21 wherein in the ffrst mode the electrical load includes a dummy load 
and a household load. 

A multi-mode control system for a cogeneration unit according to daim 

22 wherein the effective magnitude of the dummy load is controlled by 
the controlling means assodated with controller used to regulate the 
frequency parameter such that the control of the dummy load is able to 
be used to regulate the frequency of the AC electricity. 

A multi-mode control system for a cogeneration unit according to claim 
21 wherein in the second mode the electrical load includes a household 
load. 



A control system for a cogeneration unit, the cogeneration unit induding 
a heat engine and an alternator driven by the heat engine, the alternator 
generating AC electricity for an electrical load, the control system 
including: 

25 a. parameter sensing means for sensing plural parameters, said . 

plural parameters induding designated parameters of the 
generated AC electricity, the parameter sensing means providing 
a sensed parameter value for each sensed parameter; 
). for each sensed parameter, a comparator means for comparing 
the sensed parameter value with a respective desired value, each 
comparator means being able to provide an error signal according 
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25 

30. 



31. 

30 



to the difference between the sensed parameter value and the 
desired value; and 

c. one or more controlling means, the one or more controlling means 
being capable of using one or more of the error signals to provide 
a plurality of control signals, such that each control signal is able 
to regulate one or more of the sensed parametere; 

wherein the regulation of the sensed parameters is performed by 

controlling characteristics of the altemator and a temperature of a body 

heated using energy from the cogeneration unit. 

A control system for a cogeneration unit according to claim 25 wherein 
the control system is operable in at least a first and a second mode. 

A control system according to claim 26 wherein in the first mode the 
cogeneration unit operates independently of an external AC power 
source. 

A control system according to claim 27 wherein the sensed parameters 
include the temperature of the body. 

A control system according to claim 27 or 28 wherein the designated 
parameters of the generated AC electricity include: 

a. frequency of the generated AC electricity; and 

b. voltage of the generated AC electricity, 

A control system according to claim 27 wherein the electrical load 
includes a dummy load and a household load. 

A control system according to daim 30 wherein the effective magnitude 
of the dummy load is controlled by a control signal. 



■i 
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32. A control system according to claim 26 wherein in the second mode the 
cogeneration unit operates in conjunction with an external AC power 



33. 



35. 



course. 



A control system according to claim 32 wherein the sensed parameters 
include the temperature of the body. 



34. A control system according to claim 32 or 33 wherein the designated 
parameters of the generated AC electricity includes the power factor of 
10 the generated AC electridty. 



A method for controlling a cogeneration unit, the cogeneration unit 
including a heat engine and an alternator driven by the heat engine, the 
alternator generating AC electricity for an electrical load, the control 
15 system including: 

a. sensing plural parameters, said plural parameters including 
designated parameters of the generated AC electricity, the 
sensing providing a sensed parameter value for each sensed 
parameter; 

b. comparing a sensed parameter value with a respective desired 
value; 

c. providing an error signal according to the difference between the 
sensed parameter value and the desired value; and 

d. using one or more of the error signals to provide at least one 
control signal, such that each control signal is able to regulate one 
or more of the sensed parameters: 

wherein the regulation of the sensed parameters uses the control signals 
to control characteristics of the alternator and a temperature of a body 
heated using energy fixjm the cogeneration unit. 
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A control system for a cogeneration unft, the cogeneration unft including 
a heat engine and an alternator driven by the heat engine, the altemator 
generating AC el«*icity for an electrical load, the control system 
including: 

a. parameter sensing means for sensing: 

I- at least one designated parameter of the generated AC 
electricfty: and 

II. the temperature of a body healed by energy provided by 

the cogeneration unit; 
the parameter sensing means providing a sensed parameter value 
for each sensed parameter; 

b. for each sensed parameter, a comparator for comparing a sensed 
parameter value with a respective desired value and providing an 
error signal according to the difference between the sensed 
parameter value and the desired value; and 

c each comparator being coupled to a controller for using a 
respective error signal to provide a control signal for regulating a 
fespective sensed parameter, such that at least one of the 
designated parameter control signals Is provided to the altemator; 
wherein the ragulatlon of said at least one designated parameter il 
performed by controlling characteristics of the altemator and regulation of 
the ternperature of the body is performed by controifing fuel supply to the 
heat engine. 

A control system according to daim 1 wherein the control signal provided 
to the altemator Includes an alternator field winding cunent control 
signal. 



A control system according to dabn 2 wherein the designated parameter 
regulated by the altemator field winding current control signal indudes 
the voltage of the generated AC electricity. 
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39. A control system according to claim 2 wherein the designated parameter 
regulated by the field winding cun^nt control signal includes the power 
factor of the generated AC electricity. 

5 40. A method for controlling a cogenenation unit, the cogeneration unit 
including a heat engine and an alternator drfven by the heat engine, the 
alternator generating AC electricity for an electrical load, the method 
including: 

a. sensing parameters, the sensed parameters including at least one 
10 designated parameter of the generated AC electricity and the 

temperature of a body heated by energy provided by the 
cogeneration unit such that the serislng provides a sensed 
panameter value for each sensed, parameter, 

b. comparing each sensed parameter value with a respective desired 
15 value; 

c. providing an error signal for each sensed parameter according to 
the difference between the sensed parameter value and the 
d^lred value; and 

d. using a respective error signal to provide a control signal for 
20 regulating a respective sensed parameter, such that at least one 

of the designated parameter control signals Is provided to the 
alternator; 

wherein the regulation of said at least one designated parameter is 
performed by controlling characteristics of the a/temator and regulation of 
25 the temperature of the body is performed by controlling fuel supply to the 

heat engine. 
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